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Abstract 
This paper is to provide up-to-date information on the state of acoustic ignition system development, with such systems seen as 
one of the most promising alternative to the traditional electrical systems. The article summarizes the principles of the gas-
dynamic (acoustic) ignition systems, describes the most commonly used igniter designs, and also describes some unusual and 
potentially promising igniter designs. It also contains a survey of contemporary domestic and foreign theoretical and 
experimental research in the field of gas-dynamic ignition. Descriptions of promising igniter designs are provided. The paper 
analyses identified strengths and weaknesses of the construction designs described. On the basis of accumulated and presented 
materials, recommendations are drawn for the future course of development, which comprise the need to address the thermal 
issues of such igniters, their lifetime and the need for more comprehensive studies on atypical designs, which can be more 
efficient than their currently used counterparts. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Traditionally, to launch rocket engines and thrusters using non-hypergolic propellants electrical or pyrotechnic 
ignition system are used. However, in some cases usage of such systems is not desirable, impossible (limited 
number of ignitions pyrotechnic system offers results in its inability to be used in pulse modes of an engine), or 
entail additional costs related to mass growth of the propulsion system and overall spacecraft mass. In this regard, 
attempts to develop alternative ignition systems not having aforementioned drawbacks and providing reliable 
ignition of various fuel compositions in the broad range of operating conditions are constantly taken. 
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Acoustic method of ignition using Hartmann generator is often proposed as one of such methods of non-electrical 
ignition [1, 2]. The scheme of Hartmann generator is shown in Fig. 1. The source of acoustic oscillations in sound 
generators of this type is a Mach disk moving (oscillating) along the axis as the time passes. The first and the main 
usage of Hartmann generators is to produce acoustic (sound) oscillations, but during this process some of initial 
energy of working fluid (compressed gas at high pressure) is dissipated into heat energy due to compression shock 
effects. Thermal energy formed in such way is accumulated in the stagnant zone of the resonator. The most common 
scheme, as shown in Fig. 2, consists of a nozzle performing injection of working fluid (sonic or supersonic) and a 
resonator (typically a blind hole in a wall) disposed co-axially and positioned in such a way that its outlet is directed 
towards the injection nozzle. In this scheme the resonator is a long tube in general case comprised of two parts: 
conical inlet part ant cylindrical end point part. There are other implementations of the resonator design however. 
For example, work [3] describes a design in which a flat wall with adjustable position is used as the resonator. 
2. Research in the Field of Acoustic Ignition Being Conducted Abroad 
Paper [4] describes the most common nowadays acoustic ignition workflow as shown in Fig. 3. According to the 
  
1 – injector nozzle, 2 – working fluid stream, 3 – Mach disk, 4 –
 resonator 
Fig. 1 – Hartmann generator 
1 – injector nozzle, 2 – working fluid stream, 
3 – Mach disk, 4 – resonance tube 
Fig. 2 – Acoustic igniter design 
  
1 – fuel injector, 2 – igniter injector, 3 – ignition chamber, 4 –
 resonator, 5 – apertures, 6 – main combustion chamber 
Fig. 3 – Thruster scheme as proposed in [4] (oxidizer as working 
fluid variant) 
1 – fuel injector, 2 – igniter injector, 3 – ignition chamber, 4 –
 resonator, 5 – protective cavity 
Fig. 4 – Acoustic igniter scheme [6, 7] 
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source, this scheme consists of the working fluid (inert gas or oxidizer) injection nozzle, possibly devoid of the 
diffuser, injecting a jet of the working fluid into the resonator 4, which usually consists of two sections (the first 
section is a tapering cone and the second section is a cylinder with a wall on its end). The walls 3 span the volume 
around the system “nozzle – cavity” thus forming the ignition chamber separated from the main combustion 
chamber 6 by the wall having apertures 5 located “in suitable places” and made integral with the resonator. Fuel 
components injection is carried out by the means of disposed co-axially fuel and oxidizer nozzles. Additionally it is 
stated that in order to improve the uniformity of mixing the inert gas may be replaced with gaseous oxidizer and fuel 
injection (through the nozzle 1) can be implemented directly into the oxidizer injector confuser 2 as described in [5]. 
Thus the resonator is supplied with already pre-mixed fuel components and when under the influence of acoustic 
heating the mixture is ignited it ignites other portion of mixture (which was already there but did not ignite on its 
own) and the flame front propagates leaving the volume of the resonator and spreading into the whole ignition 
chamber. After that the flames leave the ignition chamber through the apertures spreading into the main combustion 
chamber. 
The authors point out considerable disadvantages of existing nowadays acoustic resonator drafts associated with 
the fact that up until the ignition moment the igniter is in constant contact with cold fuel components which draws 
out part of available thermal energy and extends the time required for ignition. 
In order to mitigate the aforementioned drawback authors of [4] have chosen the design described in [6, 7] (as 
shown on Fig. 4). The core idea of this design is to eliminate the physical contact of the resonator and combustion 
chamber structure by means of inserting additional (as a variant – vacuumed) protective cavity around the resonator 
preventing the contact of the resonator wall material with the cold fuel components. The other idea is to choose a 
material with low heat conductivity (less than 25 W/m) as the resonator wall material which, under authors' 
expectations, should lower heat loss in the resonator and as a result accelerate the ignition process. 
Another research team from “ORBITEC” company also achieved considerable success by designing their 
“SYREN” acoustic resonance igniter (or “Acoustic Resonance Reaction Control Thruster”). In 2008 (Phase I) [8] 
and 2010 (Phase II) [9] the research team successfully applied for participation in NASA SBIR (Small Business 
Innovation Research) program. 
The research team's work resulted in development of the “ARCTIC” rocket engine validated during the P-15 
rocket [11] test launch. A patent [12] describing the design used in this igniter was issued. 
3. Research Being Conducted in Russia 
One of the collectives working on the problem of creating acoustic ignition systems is the FSUE “R&D Institute 
of Mechanical Engineering” (“NIIMash”) research team. In particular, the researchers proposed igniter scheme 
(Fig. 5) incorporating two injection nozzles 1 with resonance cavities 2 opposing them with orifices 3 at their end 
 
1 – injection nozzles, 2 – resonance cavities, 3 – orifices, 4 – ignition chamber 
Fig. 5 – Conceptual igniter design using thermal separation in the resonance cavity [10] 
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walls, through which the most warmed-up propellant portions expire into the ignition chamber 4 while colder 
portions of propellant components leave the resonance cavities through the gaps between them and injection nozzle 
edges [10]. The hot and cold propellant component separation occurs as a result of heat accumulation in the region 
near the resonator end wall. The researchers also proposed rod-type [13] (Fig. 6) and disk-type (Fig. 7) acoustic 
resonance igniter schemes. In their work [14] authors describe the proposed design of the 100ɗ102 engine (with 
rod-type igniter) and its later modifications (100ɗ459 and 100ɗ560), as well as the 100ɗ168Ɇ engine (with disk-
type igniter) operating on “oxygen – hydrogen” fuel composition. It is reported that the engines have passed a series 
of fire tests, proven their reliability of ignition (during the 24 starts of the 100ɗ168Ɇ engine no failures of the 
ignition system were observed), besides, the engine start-up time taking into account the time required for the valve 
to open did not exceed 25 ms. The authors noted the problem of the thermal state of the igniter: the wall of the 
ignition cavity of the 100ɗ168Ɇ engine (Fig. 7) collapsed after 24 start/stop cycles due to exposure to high 
temperatures. The collective has chosen to study the influence of the mixing and cooling systems parameters on 
combustion stability and the thermal state of the structure issue. 
The authors' collective from Moscow Aviation Institute (National Research University) had conducted the 
work [15] of acoustic igniter design optimization. The scheme presented on Fig. 2 was taken as a basis. The work 
mostly focused on injector efficiency improvement by using supersonic nozzle and introduction of central body in 
order to create an annular flow. The researchers had conducted mathematical modeling of the igniter design and 
performed optimization of its geometrical parameters. For a number of schemes of interest a test study was 
performed. Considering acquired results for the proposed igniter designs [16, 17] the authors give recommendations 
on the choice of geometrical parameters: the angle of the supersonic nozzle diffuser should vary in range from eight 
to fifteen degrees; geometric expansion ratio of the nozzle should be in range from 2.56 to 4.41; resonator conical 
part outlet to inlet diameter ratio should be not more than 0.2; and the length of the resonator cylindrical part should 
be from 12 to 15 injection nozzle minimum cross-section diameters. It is noted that the usage of the nozzle with a 
central body provides igniter auto-tuning for any pressure drop up from the critical drop without sacrificing its 
performance. 
The researchers from Bauman Moscow State Technical University have conducted their work in the field of 
application acoustic igniters to decomposition of nitrous oxide (used as a monopropellant). In their paper [18] the 
authors presented the results of carried out theoretical calculations of engine designs using combined ignition 
scheme (acoustic igniter with catalytic end wall). 
 
 
1 – injection nozzle, 2 – central rod (doubling as injection nozzle), 3 – resonator, 
4 – chamber wall, 5 – main nozzle 
1 – ignition cavity, 2 – oxidizer injection orifices, 3 –
 annular slotted fuel injection nozzle, 4 – annular 
resonator, 5 – combustionchamber, 6 – engine nozzle 
Fig. 6 – The design of the 100ɗ102 experimental thruster [14], equipped with 
rod-type acoustic igniter 
Fig. 7 – Principal scheme of the experimental 
100ɗ168Ɇ thruster [14], equipped with disk-type igniter 
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In work [19] the authors described theoretical calculation research aimed at the acoustic igniter geometric 
parameters optimization relating to an engine using a single injector supplying the combustion chamber with 
“nitrous oxide – hydrogen” fuel composition as a working fluid. The selected scheme is the one depicted in Fig. 2. 
Calculations were carried out by means of numerical computer simulation. It is stated that for any size of the gap 
between the nozzle exit and the entrance into the resonance cavity ascribed to the minimum cross-section diameter 
of the nozzle (ܪ ݀Τ ) an optimum value of the resonance (or tube) ascribed to the same minimum cross-section 
diameter of the nozzle (ܮ ݀Τ ) exist and can be found. The authors suggest that this is due to concurrence between 
the natural frequency of the resonator and the frequency of pulsations of the straight shock wave in it. It is further 
noted that the temperature change in the igniter is cyclical and local changes in temperature may exceed the total 
inlet temperature more than 7 times, which is sufficient for self-ignition of fuel compositions, and the start-up time 
of the engine is not more than 15 ms. In paper [20] the authors describe dynamic characteristics obtained from the 
experiments for the selected igniter scheme and fuel compositions “N2O – H2” and “H2 – air.” For “H2 – air.” fuel 
composition with excess oxidant ratio close to 1 the start-up time equals to 150 ms. 
In paper [21] the authors present the results of the theoretical calculation research of thermal state of acoustic 
ignition system with cylindrical resonance cavity. Nitrous oxide was used as fuel and a working fluid. During the 
research several igniters made of several materials were simulated and tested with selected materials being: 
12ɏ18ɇ10Ɍ stainless steel, ɏɇ60ȼɌ chrome-nickel alloy, Ȼɪɏ08 bronze, niobium and carbon-carbon composite 
material with a surface siliconizing. Based on the results obtained during the tests it is stated that a construction 
made of niobium has maximum operating time (46.5 s with a resonator wall thickness of 3 mm in the continuous 
mode, and up to 98.5 s for the same wall thickness at the pulse mode with a frequency of 1 Hz and a duty cycle of 
50%). Other materials are significally inferior to niobium: the best result for the pulse mode is approximately 20 s. It 
is further noted that at present time manufacturing of parts of complex shape made of carbon-carbon composite 
material with a surface siliconizing is technologically difficult. The authors point out that the test results show that 
initial destruction of the resonator wall originates from its outer surface. 
In paper [22] the authors described experimental test of selected in [21] theoretical models of igniters and provide 
acquired amplitude-frequency characteristics; the authors deduced that the heat genetation in the cavity is practically 
independent of the pressure drop in case of inlet pressure of the working fluid before the nozzle to the ambient 
pressure ratio exceeding 10 and the frequency of the pulsations does not depend on the distance between end faces 
of the nozzle and the resonator, as well as the pressure drop when the latter is greater than 5 times. The authors 
found a good correlation between theoretical model and experimental data. 
4. Conclusions 
On the basis of the domestic and foreign publications it is possible to conclude that the subject of acoustic 
ignition is one of the promising areas being intensively developed nowadays. 
 
1 – 12ɏ18ɇ10Ɍ stainless steel, 2 – ɏɇ60ȼɌ alloy, 3 – Ȼɪɏ08 bronze, 4 – niobium 
Fig. 8 – Ignitor operation time graphs depending on wall thickness on (a) continuous and (b) pulse (f = 1 Hz) engine work modes [21] 
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At the moment it is theoretically [15, 19] and experimentally [4, 11, 14] proven that gas-dynamic (acoustic) 
ignition systems are able to provide reliable ignition of a variety of both gas and gas-liquid [4, 20] fuel 
compositions, and current advances in resonator design improvement allow to achieve engine start-up time of less 
than 150 ms [20] and even 25 ms [14]. 
The main trends in acoustic ignition systems improvement are: works aimed at maximizing of thermal energy 
generation, for example, by introducing new structural elements [4, 6, 7, 10, 14] or geometry optimization of 
existing schemes [16, 17, 19] and developments aimed at the adaptation of existing schemes to work in real 
conditions [8, 9, 14] (such as tests in real engines and power plants during test launches). The authors of [14, 21] 
note that one of the main challenge impeding widespread adoption of acoustic ignition systems, is the task of 
ensuring acceptable thermal mode for achievement of durability of the construction during operation. 
It should be noted that most of described design schemes are based on the use of resonance tube igniter (Fig. 2). 
Rod-type and especially disk-type igniters described in [14], are studied insufficiently and have the potential to be 
more efficient than traditional igniter schemes. 
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